Background: Osgood-Schlatter disease (OSD) is characterized by traction apophysitis of the tibial tuberosity. Few studies on symptomatic and asymptomatic OSD have correlated findings with clinical examination.
Osgood-Schlatter disease (OSD), characterized by traction apophysitis of the tibial tuberosity, is often observed during the adolescent bone growth phase. 19, 22 The mainstay treatment of OSD is conservative therapy, such as rest, icing, anti-inflammatory agents, and physical therapy. 3 As this disease rarely has a serious outcome, 9, 11 it generally resolves with conservative treatment. However, in some cases, performance improvement is hindered, sports continuation is abandoned, and surgery may be required for adults with free ossicles. 8, 25 The maturation stage of the tibial tuberosity is reportedly involved in the onset of OSD. 13, 26 Ehrenborg 7 evaluated the tibial tuberosity radiographically and classified its development into 4 stages: cartilaginous, apophyseal, epiphyseal, and bony. An ultrasonography (US) examination is an easy-to-perform and noninvasive way of observing pretibial soft tissue swelling, cartilage swelling, fragmentation of the tibial tubercle ossification center, and inflammation of the deep or superficial tibial patellar bursae. 2, 4, 11, 14, 16, 17, 20 Overuse of muscles has been suggested as a cause of OSD onset. 23, 24 In general, OSD is caused by repetitive strain on the quadriceps femoris muscle, resulting in traction apophysitis of the tibial tuberosity. 5, 11 However, there are reports that tightness of the hamstring and triceps surae muscle is associated with the onset of OSD, 18, 21 although the details are unclear. Irregular imaging findings of the tibial tuberosity have also been suggested as a preliminary step of OSD, but few studies have examined the relationship between such irregular findings and symptomatic OSD.
The purpose of this study was to investigate the relationship between lower limb tightness and practice time among adolescent baseball players with symptomatic OSD.
METHODS
Baseball teams registered with the Junior Baseball Federation of Gunma Prefecture in Japan participated in this study. A total of 419 male baseball players initially participated, and the 402 players (N ¼ 804 knees) who were able to undergo US evaluations were included (mean ± SD age, 10.9 ± 1.5 years; range, 7-14 years). This study was reviewed and approved by our university's ethics committee.
Ultrasound Evaluation
The skeletal maturation of the distal attachment of the patellar tendon was examined with a LOGIQ e instrument (GE Healthcare) with high-resolution linear-array probes at 12 MHz. The US evaluations were performed with both knees in 90 of flexion in the supine position. Two orthopaedic surgeons (T. Omodaka, T. Ohsawa) performed US and the evaluations. The tibial tuberosity was examined on longitudinal US images at the site at which the tuberosity was most clearly visualized. Tibial tuberosity development as seen on US was divided into the 4 stages mentioned by Ehrenborg 7, 13, 26 : cartilaginous (stage C), apophyseal (stage A), epiphyseal (stage E), and bony (stage B). Stage C is characterized by the presence of a large amount of apophyseal cartilage. Stage A is characterized by the patellar tendon attaching to apophyseal cartilage, and the secondary ossification center is in the apophysis. Stage E is characterized by the connection of the secondary ossification and tibial epiphysis. Stage B is completely ossified, and the patellar tendon is attached to a rough tibial tuberosity (Figure 1 ). Knees that were classified as stage A or E were investigated.
OSD Diagnosis
We defined patients as being symptomatic when they reported pressure on the tibial tuberosities as painful. An OSD diagnosis was made per the findings of fragmentation of the bone and irregularity of the ossification center on US ( Figure 2 ). Patients were divided into 3 groups: non-OSD (no pain, no fragmentation on US), asymptomatic OSD (no pain, but fragmentation seen on US), and symptomatic OSD (pain, fragmentation on US).
Evaluation Items
We also recorded the age, height, body weight, body mass index (BMI), and weekly practice duration of the team to which the athlete belonged. The examination was performed by 2 orthopaedic surgeons (T. Omodaka, T. Ohsawa), with 1 assistant helping each. The heel-buttock distance (HBD) was measured in the prone position, and the straight-legged raise angle was measured in the supine position and knee extension position. The range of motion was stabilized such that when one of the examiners felt resistance, the second examiner measured the HBD at the distance between the rib and buttocks. The straight-legged raise angle, defined as the angle between the floor and the thigh was measured with a goniometer and a ruler. Hip flexion was measured in the supine position with knee flexion at 90
, and internal and external rotation was measured in the prone position. One examiner stabilized the hip and then passively rotated it into flexion, internal rotation, and external rotation until an end feel was detected. The second examiner aligned the movable arm of the goniometer along the tibial border and recorded the angle in degrees. Plantar flexion and dorsiflexion of the ankle joint were measured in the supine position, while the hip joint and knee flexion were both at 90
. Plantar flexion and dorsiflexion were passively applied to the ankle joint until one examiner detected a final feel. The second examiner aligned the movable arm of the goniometer along the border of the ribs and the border of the fifth metatarsal and recorded the angle. The same examiner recorded all of the measurements of lower limb muscle tightness.
Statistical Analysis
Analysis of variance was used for comparisons among the 3 groups, and the Tukey-Kramer method was used as a post hoc test. All statistical procedures were conducted with the SPSS (v 25; IBM Japan). P values <.05 were considered statistically significant.
RESULTS
Tibial tuberosities were classified as stages C, A, E, and B for 381, 195, 205, and 23 knees, respectively. Among those with stages A and E, asymptomatic OSD was observed among 23 knees (17 players), while symptomatic OSD was observed among 11 knees (10 players) ( Table 1) . Height (P ¼ .005), body weight (P < .001), BMI (P < .001), and weekly practice duration (P ¼ .001) were significantly higher in the symptomatic versus the asymptomatic OSD group (Table 2) . HBD (P ¼ .002), internal rotation of the hip joint (P ¼ .024), and dorsiflexion of the ankle joint (P ¼ .006) were significantly less in the symptomatic versus the asymptomatic OSD group (Table 3 ). In the symptomatic OSD group, the total weekly practice duration was 23.0 ± 9.0 hours, which was significantly greater than in the non-OSD group (16.5 ± 5.7 hours, P ¼ .001) and asymptomatic OSD group (15.3 ± 3.6 hours, P ¼ .001). The HBD of the symptomatic OSD group was 10.5 ± 4.8 cm, while that of the non-OSD group was 6.0 ± 4.9 cm, which was significantly lower (P ¼ .006). In the symptomatic OSD group, the hip internal rotation was 37.4 ± 8.6 and the ankle dorsiflexion was 15.1 ± 6.1 ; in the non-OSD group, the hip internal rotation was 47.0 ± 12.1 and the ankle dorsiflexion was 21.4 ± 7.1 , which was significantly higher (Figure 3 ).
DISCUSSION
In this study, the patients with symptomatic OSD had significantly greater height, weight, BMI, and weekly practice duration than those without OSD and those with asymptomatic OSD. In addition, the symptomatic OSD group had significantly restricted HBD and range of hip and ankle joint motion when compared with the non-OSD group.
A study by de Lucena et al 5 reported that the incidence of OSD was 9.8% with sport activities. Nakase et al 18 reported that the OSD incidence was 12.9% in a football study. In the present study, the incidence of OSD was 2.9%. The reason for the lower prevalence of OSD in the present study may be that this study included a relatively young cohort and was conducted among baseball playersathletes engaged in a sport with relatively little jumping and cutting action.
In our study, the tightness of the quadriceps femoris, triceps truncus, and hip was significantly higher in the symptomatic OSD group than in the non-OSD group. Whether this was a secondary change could not be determined. The study by de Lucena et al 5 reported that the regular practice of sports during the pubertal phase and the shortening of the rectus femoris muscle were the main factors associated with OSD among students. Nakase et al 18 reported that quadriceps femoris muscle tightness and muscle strength during knee extension and flexibility of the hamstring muscles were increased in OSD. Limited dorsiflexion in the ankle joint is associated with increased knee flexion, tibial internal rotation, and foot pronation during the stance phase of running. 1 Sarcević 21 reported that a high number of patients with OSD had limited ankle dorsiflexion. When the triceps truncus is hypertonic, the forward tilt of the lower leg is reduced, moving the center of gravity backward. In addition, the torque of the quadriceps muscle is strengthened, and traction to the tibial tuberosity is increased, presumably leading to OSD. 6 To our knowledge, there have been no reports on the relationship between OSD and hip tightness. In this study, we recognized an association between the internal rotation of the hip and symptomatic OSD. Limited internal rotation of the hip may adversely affect the pelvis and body trunk forward rotation during a throwing motion, and posteriorization of the center of gravity may be involved in the onset of symptomatic OSD. Harding et al 12 noted that internal rotation of the hip in the lead leg is important for absorbing force as the pitcher pivots the body forward.
Adolescents reportedly tend to experience overuse injuries, including OSD, 23, 24 and young athletes are thought to disproportionately incur injuries attributed to the overuse of their bodies. 10, 15 In the present study, only the symptomatic OSD group had a longer practice time per week.
This study has some limitations. First, this was a crosssectional study conducted among preadolescent baseball players, and it is possible that lower limb tightness attributed to the influence of pain occurred in the symptomatic OSD group. To investigate the reasons for the onset of OSD, a longitudinal study will be necessary in the future. Second, there were relatively few cases of OSD in the present study. This is presumed to be because baseball is a sport with relatively little jumping and cutting action. Studies with a larger population should be conducted in the future. Third, because this study was based on the findings of a preparticipation physical examination of preadolescent baseball players, radiographic imaging was not performed. Furthermore, we did not perform a multivariate analysis given the small number of cases in this study. However, there were weak correlations among physique, lower limb tightness, and practice time.
CONCLUSION
The present study showed that the symptomatic OSD group had a significantly greater height, weight, BMI, and weekly practice duration than did the non-OSD and asymptomatic groups. In addition, the symptomatic OSD group had a significantly restricted HBD and range of hip and ankle joint motion when compared with the non-OSD group. The weekly practice duration was longer for the symptomatic OSD group, suggesting that this factor may be associated with symptomatic OSD.
